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(54) Process for reducing the amount of fluorinated surfactant in aqueous ffuoropolymer 
dispersions 



(57) The present invention provides a process of re- 
ducing the amount oTTIuortnated emulsifier in an aque- 
ous fluoropolymer dispersion by contacting the aqueous 
fluoropolymer dispersion with an anion exchange resin 
in a non-fixed resin bed, the process comprising: 

(a) mixing the aqueous fluoroporymer dispersion 
with an effective amount of a surfactant so as to sta- 
bilize the fluoropolymer dispersion while being con- 
tacted with the anion exchange resin; 

(b) contacting the aqueous fluoropolymer disper- 
sion with an anion exchange resin by agitating the 



aqueous fluoropolymer dispersion with an effective 
amount of anion exchange resin for a time of fees 
than 4 hours to reduce the amount of fluorinated 
emulsifier In the aqueous fluoropolymer dispersion 
to a deBired level; and 

(c) separating the anion exchange resin from the 
aqueous fluoropolymer dispersion. 
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Description 

1 . Field of tho invention 

9 [oooi J The present invention relates to e process for reducing the amount of fluorlnated surfactant In aqueous fluor- 
opotymer dispersions. In particular, the present invention relates to an economically more feasible process to reduce 
the amount of fluorlnated surfactant. 

2. Background of the Invention 

10 

njo02] Fluoropolymers, I.e. polymers having a fluorlnated backbone, have beon long known and have been used In 
a variety of applications because of several desirable properties such as heat resistance, chemical resistance, weath- 
erablUty. UV-stablllty etc... The various fluoropolymers arc for examplG described In "Modern Fluoropolymers", edited 
by John Scheirs, Wiley Science 1997, The fluoropolymers may have a partially fluorinated backbone, generally at least 
is 40% by weight fluorinated, or a fully fluorinated backbone. Particular examples of fluoropolymers Include polyteirafluor- 
oethylene (PTFE), copolymers of tetrafluoroethyJene (TFE) and hoxafluoroprapylene (HFP) (FEP polymers), perfluor- 
oalkoxy copolymers (PFA), ethylene-tetrafluoroethylene (ETFE) copolymers, terpolymers of tetrafluoroethylene, hex* 
afluoropropylene and vinylidene fluoride (THV) and polyvlnylidene fluoride polymers (PVOF). 

[0003] The fluoropolymers may be used to coat substrates to provide desirable properties thereto such as for example 
to chemical resistance, weathereblllty, water- and oil repellency etc.. For example aqueous dispersions of fiuoropolymer 
may be used to coat kitchen ware, to Impregnate fabric ortsxdle e.g. glass fabric, to coat paper or polymeric substrates. 
Many of the applications of fluoropolymers, in particular coating of substrates, require fiuoropolymer dispersions of a 
very high purity. Even very small amounts of contaminants may result in defective coatings. 
[0004] A frequently used method for producing aqueous dispersions of fluoropolymers involves aqueous emulsion 
& polymerization ol one or more fluorinated monomers usually followed by an upconcentraiion step to increase the solids 
content ol the raw dispersion obtained after the emulsion polymerization. The aqueous emulsion polymerization of 
fluorinated monomers generally involves the use of a fluorinated surfactant. Frequently used fluorinated surfactants 
include perfluorooctanoic acids and salts thereof, in particular ammonium perfluorooctanoic acid. Further fluorinated 
surfactants used include perfluoropoiyether surfactants such as disclosed In EP 105934a, EP 712832, EP 7S2432, BP 
00 616397, US 6,025,307, US 6,103,843 and US 6,126,849. StiO further surfactants that have been used are disclosed 
in US 5,229,480, US 5,783,552, US 5,688,884, US 5,700,859, US 5,804,650, US 5,895,799, WO 00/22002 and WO 
00/71590. 

[0005] Moat of these fluorlnated surfactants have a low molecular weight, i.e. a molecular weight of less than 1000g/ 
mol. Recently, such low molecular weight fluorlnated compounds have raised environmental concerns. For example, 

36 pertluoroalkanolc acids are not biodegradable. Furthermore, the fluorlnated surfactants are generally expensive com- 
pounds. Accordingly, measures have been taken to either completely eliminate the fluorinated low molecular weight 
surfactants from aqueous dispersion or at least to minimize the amount thereof In an aqueous dispersion. For example, 
WO 96/24622 Bnd WO 97/17381 disclose an aqueous emulsion polymerization to produce fluoropolymers whereby 
the polymerization le carried out without the addition of fluorinated surfactant. 

*o [0006] However, most of the aqueous emulsion polymerization processes are still being carried out with the aid of a 
fluorinated surfactant and there thus continues to be the need to remove or at least reduce the level of fluorinated 
surfactant In the resulting dispersions. US 4,369,266 olsctoses a method whereby part ot fluorinated surfactant is 
removed through ultrafiltration. In the latter case, the amount of fiuoropolymer solids In the dispersion Is Increased as 
well, i.e. the dispersion is upconcenirated while removing fluorinated surfactant. The disadvantage of the process of 

4 * US 4.398,266 Is that considerable amounts ot the fluorinated surfactant leave the dispersion via the permeate of the 
ultrafiltration. Recovering the surfactant from such permeate is costly. 

[0007] wo 00/35971 further discloses a method in which the amount of fluorlnated surfactant is reduced by contacting 
the fiuoropolymer dispersion with an anion exchange resin. According to the preferred embodiment of the process 
disclosed in this WO publication, a non-ionic surfactant is added to the aqueous dispersion in order to stabilize the 
so dispersion while being in contact with the anion exchange resin. The thus resulting dispersion is then allowed to flow 
through a column in which the anion exchange resin Is fixed which results In the level of fluorlnated resin being reduced 
to 5ppm or leas when the dispersion leave© the column. The effective removal of fluorinated surfactant In this process 
can probably be attributed to a chromatographic process Inherently taking place. 

[0008] When removing a fluorinated surfactant with an anion exchange resin, a number of disadvantages have been 
55 discovered for this column technology. In particular it hae been discovered that the column technology does not provide 
an optimal economic solution to the removal of fluorinated surfactants at an Industrial scale where thousands of tons 
of dispersions having usually an amount of 0.1% by weight based on solids of fluorinated surfactant may need to be 
treated. In particular, if the same column Is to be used for dispersions of a different nature, extensive washing cycles 
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are needed to avoid contamination of one dispersion with another when one wants to switch between dispersions. An 
alternative would be to use dedicated columns for the different dispersions. Elmer solution however has associated 
with it substantial costs. 

[0009] Additionally, it was observed that the columns are prone to channel formation in the resin bed which results 
s in reduced removal efficiency and eventually leads to a so-called break through of the column when the channels 
extend substantially throughout the column. Although reversing the flow can close the channels, this affects the avail- 
ability of the equipment and thus increases cost 

(001 0] Still further, the column technology is vulnerable for large particles that may be contained in some dispersions 
and that result from coagulation of smaller particles. Coagulation may be caused during handling of the dispersion and 
10 is very difficult to avoid completely. Also, removal of coagulate formed In the dispersion by nitration techniques Is difficult 
and economically not feasible. Because the first layers of the column act as a fitter, even small amounts of coagulate 
in a dispersion may block the column. Reversing flow may unclog the column but of course also affects the cost of the 
process. 

[0011] Finally, of most concern is the fact that it has been discovered thBt the column technology is prone to the 
*3 formation of abraded anion exchange resin particles, which may contaminate the fluoropolymer dispersion. A3 already 
mentioned above, even small amounts or contamination in the resulting fluoropolymer dispersion may make the dis- 
persions useless in a number of typical applications of fluoropotymers, In particular coating applications. 
[0012] WO 00/35971 In another embodiment elso discloses a process In which the aqueous dispersion is stirred 
under mild conditions with the anion exchange resin. Example 8 of the WO publication suggests that a hours are 
20 necessary to reduce the level of fluorinated surfactant to below 5ppm. Moreover, only a twentieth of the anion exchange 
resin capacity was apparently utilized In that example. The poor loading of the exchange resin in combination with the 
long treatment makes such a process also highly unattractive from an economical point of view. 
[0013] Accordingly, it would now be desirable to find a process for removing or reducing fluorinated surfactants in 
aqueous fluoropolymer dispersions In such a manner that contamination of the dispersion such as for example with 
25 abraded anion exenange resin Is not likely to occur or Is completely avoided. Preferably, the process is economically 
attractive even when practiced at an Industrial scale. Desirably, the process allows for an efficient use of the exchange 
resin to high loading levels without risk or contamination of the dispersion and without substantial reduction In the 
efficiency at which the fluorinated surfactant is removed. 

50 3. Summary of invention 

[0014] In one aspect, the present Invention provides a process of reducing the amount of fluorinated ermulslfler In 
an aqueous fluoropolymer dispersion by contacting the aqueous fluoropolymer dispersion with an anion exchange 
resin In a non-fixed resin bed, the process comprising: 

y& 

(a) mixing the aqueous fluoropolymer dispersion with an effective amount of a surfactant so as to stabilize the 
fluoropolymer dispersion while being contacted with the anion exchange resin; 

(b) contacting the aqueous fluoropolymer dispersion with an anion exchange resin by agitating the aqueous fluor- 
opolymer dispersion with an effective amount of anion exchange resin for a time of less than 4 hours to reduce 

*° the amount of fluorinated emulslfler In the aqueous nuoropolymer dispersion to a desired level; and 
(e) separating the anion exchange re6ln from the aqueous fluoropolymer dispersion. 

[0015] By the term "effective amount of anion exchange resin" Is meant an amount of exchange resin sufficient to 
allow reduction of the amount of fluorinated emulsifier, also called fluorinated surfactant, to the desired level in less 

*s than 4 hours. The term "non-fixed resin bed" Is used as the opposite of "fixed resin becT where the anion exchange 
resin is not agitated. Fixed resin bed typically covers the so called column technology In which the resin rests and 
removal of a substance occurs through a chromatographic process. Thus, in the present invention, the terni n on -fixed 
resin bed Is used to Indicate that the anion exchange resin Is agitated such as for example being fluldlzed, stirred or 
shaken. Non-fixed resin bed technology Is described In Ullmenn Encyclopedia of Industrial Chemistry 5 th Edition, Vol. 

so a 1 4, p 439 ff. and in "Ion Exchangers" ed. Konred Dorfner, Walter De Gruyter, Berlin, New York, 1 991 p, 994 ff.. These 
publications also describe fixed resin bed technology which Is apparently used In the large majority of applications. 
Only rarely is use made of non-fixed resin bed technology. 

[0016] It was found that with the process of the present invention, fluorinated surfactant such as perfluoroalkanoic 
acids and salts thereof could be effectively removed in short periods of time of for example 30 minutes or less. It was 
55 furthermore found that the anion exchange resin can be re-utilized without regeneration upto a high percentage, for 
example of upto 80% or more of Its loading capacity. Also, the process of the invention is more robust in that it is not 
prone to coagulate which may bo present in the dispersion. Thus, the process provides the advantage of being eco- 
nomical ly more feasible, in particular for practice at industrial scale. Moreover, the process of the invention minimizes 
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or substantially avoids the risk or contamination of the fluorapolymer dteperaton with abraded anion exchange resin. 
[0017] In a further aspect provides a continuous or batch-wise process of reducing the amount of fluorinated emul- 
slfisr in an aqueous fluoropolymer dispersion by contacting the aqueous lluoropotymer cfispersion with en anion ex- 
change resin In a non-fixed resin bed, the process comprising: . 

5 

(a) mixing the aqueous fluoropolymer dispersion whh an effective amount of a surfactant so as to stabilize the 
fluoropolymer dispersion while being contacted with the anion exchange resin; 

(b) contacting the aqueous fluoropolymer dispersion with the anion exchange resin by agitating the aqueous fluor- 
opolymer dispersion with an effective amount of anion exchange resin and tor a time sufficient to reduce the amount 

10 of fluorinated emulslfler In the aqueous dispersion to a desired level; 

(c) separating the anion exchange resin (torn the fluoropolymer dispersion; 

(d) and re-using in step (b) at least once the anion exchange resin separated in step (c) without having been 
regenerated. 

19 [001 B] It was found that in the aforementioned continuous orbatch»wl$e process of the second aspect of the invention, 
the anion exchange resin can be utilized upto a high percentage ol its loading capacity, e.g. upto between 1 0 and 90% 
of its theoretic loading capacity, without substantial risk Of contamination of the fluoropolymer dispersion with abraded 
anion exchange resin. 

20 4. Detailed description of the Invention 

[0019] The fluoropolymer dispersions Hem which the fluorinated surfactanl is to be removed or in which the amount 
thereof is to be reduced can originate from any source but are typically fluoropolymer dispersions resulting from an 
aqueous emulsion polymerization. Typically, the fluoropolymer dispersion will contain at least 1 0% by weight of fluor- 

29 oporymer, for example between 10 and 70% by weight of fluoropolymer, commonly between 20% and 65% by weight. 
Fluoropolymer dispersions that have a large amount of fluoropolymer such as between 35% and 70% by weight are 
usually obtained after upconcentratton. 

[0020] The lluorinated surfactant in the aqueous fluoropolymer dispersion is typically an anionic fluorinated surfactant 
as is commonly used in the aqueous emulsion polymerization used to prepare the fluoropolymer. Commonly used 

30 fluorinated surfactants are non-telogenle and Include those that correspond to the formula: 

(Y-R r 2) 0 -M (I) 

35 wherein Y represents hydrogen, Cl or F; ftj represents a linear or branched pertluorinated alkylene having 4 to 10 
carbon atoms; Z represents COO- or S0 3 " M represents a cation Including monovalent and multivalent cations, e.g. 
an alkali metal ion, an ammonium ion or a calcium Ion and n corresponds to the valence ol M and typically has a value 
of 1,2 or 3. 

[0021 3 Representative examples of ernutelffers according to above formula (I) are perfluoroaikanolc acids and salts 

40 thereof such as perfiuorooctanoic acid and its salts in particular ammonium salts. The fluorinated surfactant may be 
present in any amount in the fluoropolymer dispersion that is to be subjected to the method of the present invention. 
Generally, the aqueous fluoropolymer dispersion wilt contain the fluorinated surfactant in amounts between 0.05% by 
weight and 5% based on the total weight of solids In the dispersion, more typically between 0.1% by weight and 2% 
by weight based on the total weight of solids. 

45 [0Q22] The fluoropolymer contained In the aqueous dispersion includes melt-processible as well as non-melt procea- 
sible fluoropolymers. By the term melt-processlble is meant a fluoropolymer that has a melt flow Index (MFl) sufficiently 
large such that the polymer can be processed with available polymer melt processing equipment. Examples of non- 
melt processible fluoropolymers include polytetrafluoroethylene (PTFE) and so-called modified PTFE, which Is a pol- 
ymer of terrafluoroeihylene modified with minor amounts, e.g. 1 % or less, of another fluorinated monomer such as for 

& example a periluorinated vinyl ether. Melt-processible fluoropolymers Include the so-called fluorothermoplasts and 
fluoropolymers for the preparation of fluoroGlastomers. Fluorothermoplasts typically have a well defined ana pro- 
nounced melting point and have a melt flow Index of more Than 0.1 measured at £6S fl C and at a load of 5 Kg. Typically, 
the melting point or a fluo roth ermoplast will be at least 60 6 C with a preferred range being between 1 00"C and 290°C. 
The fluoropolymer of the fluoropolymer dispersion may also be a polymer that upon curing results a fluoroelastomer. 

95 Typically, such fluoropolymers are amorphous fluoropolymers that have no melting point or that have a hardly noticeable 
melting point. Still further, the fluoropolymer may comprise so-called micro-powder, which is typically a low molecular 
weight polytetrafluoroethyiene. Due to the low molecular weight of the PTFE, micro-powders are melt processible. 
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[0023] Examples of fluoropalymers of the fluoropoiymer disparsion include PTFE, modified PTFE, micro-powder, a 
copolymer of vinylidene fluoride end hexafluoropropylene, a copolymer of tetrafluoroetnyiene end vinyfidene f luoride, 
a copolymer of tetrafluoroetnyiene and propylene , a copolymer of totrafluoraethyiene and peril uorovinyl ether, a co- 
polymer of vinylfdene fluoride and perfluorovlnyl ether, a copolymer of tetraf luoroethylene, ethylene or propylene and 
5 perfluorovlnyl ether a copolymer of tetrafluoroethyJene, hexafluoropropylene and perfluorovlnyl ether, a copolymer of 
tetraf luoroethylene, vinylidene fluoride and hexafluoropropylene and optionally chlorocrifluoroethylene (CTFE), a co- 
polymer of vinylidene fluoride, tetraf luoroethylene and perfluorovlnyl ether and a copolymer of tetrafluoroetnyiene, 
ethylene or propylene, hexafluoropropylene and perfiuorovinyl ether. 

[0024] The particle size of the fl uoropoiymer In the aqueous f luoropolymer dispersion Is typically between 40nm and 
10 400nm as such particle sizes (number average diameter) typically result from an emulsion polymerization, Smaller 
particle elzee are contemplated as well, for example between 5nm and 20 nm, which are typically obtained with micro* 
emulsion polymerization. 

[0025] in accordance with the process to remove fluorlnated 6urfactam from the aqueous fluoroporymer dispersion, 
S surfactant capable of stabilizing the dispersion while being contacted with an anion exchange resin is added to the 

19 fluoropDlymer dispersion prior to contacting the f luoropolymer dispersion with the anion exchange resin. The surfactant 
added Is typically a non-fluorlnated surfactant and Is preferably a non-Ionic surfactant as disclosed for example In WO 
00/35971 , in particular those that are commonly used in commercially available aqueous dispersions. However, other 
non-fluorlnated surfactants can be used as well, as long as they are capable of stabilizing the f luoropolymer dispersion, 
that Is as long as they are able of preventing coagulation of the fluoropoiymer dispersion while being contacted with 

20 the anion exchange resin. 

[0026] Examples of non-ionic surfactant Chat can be used include those described in "Non-ionic Surfactants" M.J. 
Schick. Marcel Dekker, Inc., New York 1 967 and in particular those that correspond to the formula: 

2 S R 1 -0-[CH 2 CH 2 0] n -[R 2 0} m -R 3 (ll> 

wherein R 1 represents an aromatic or aliphatic hydrocarbon group having at least 0 carbon atoms, R 2 represents an 
alkylena having 3 carbon atoms, R 3 represents hydrogen or a C r C 3 alky! group, n has a value of 0 to 40, m has a 
value ol 0 to 40 and the sum of n+m being at Iea3t 2. 
3o [0027] it will be understood that in the above formula (II), the units indexed by n and m may appear as blocks or they 
may be present In an alternating or random configuration. 

[002B] Examples of non-Ionic surfactants according to formula (11) above Include alkylphenol oxy ethylates of the 
formula: 

35 



R- ^Oy -0-[CH 2 CH 2 0]rH 

an) 

wherein R is an alkyl group of 4 to 20 carbon atoms and r represents a value of 4 to 20. Examples of surfactants 
4* accordingto formula (Ml) include ethoxylated p-isooctylphenol commercially available underthebrand name TRITON™ 
Such as for example TRITON™ X 1 00 wherein the number ol cthoxy units is about 10. 

[0029] Still further examples include those in which R 1 in the above formula (II) represents an alkyl group of 4 to 20 
carbon atoms, m Is 0 and R 3 Is hydrogen. An example thereof includes isotridecanol ethoxylated with about a 9th oxy 
groups and which Is commercially available as GENAPOL&X 080 from Clariant GmbH. Non-ionic surfactants according 
so to formula (II) in which the hydrophlUc part comprises a blcck-eopolymer of ethoxy groups and propoxy groups may 
be used and well. Such non-ionic surfactants are commercially available from Clariant GmbH under the trade design 
nation GENAPOL® PF 40 and GENAPOU© PF 80. 

[0030] The stabilizing surfactant is added to the fluoropoiymer dispersion in an amount effective to achieve stabili- 
zation of the fluoropoiymer dispersion while being contacted with the anion exchange resin. The effective amount can 
55 be readily determined by one skilled in the art with routine experimentation but Is generally between 0.5% by weight 
and 15% by weight, preferably between 1 and 5% by weight based on the weight of solids In the fluoropoiymer disper- 
sion. The addition of the stabilizing surfactant is conveniently added to the fluoropoiymer dispersion under mild agitation, 
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e.g. stirring of the fluoropolymer dispersion. The stability of the fluoropolymer dispersion may be further enhanced by 
adjusting the pH of the dispersion by adding a base euch as ammonia or sodium hydroxide thereto to achieve a pH 
between 7 and 9. Although adjusting the pH of the dispersion to a pH between 7 and 9 is generally preferred, it is not 
a requirement of the process and It Js thus also possible to contact a stabilized fluoropolymer dispersion with the anion 

5 exchange resin without adjustment of the pH. To the fluoropolymer dispersion may further be added compounds to 
destroy residual Initiator such as residual persulfate to suppress corrosion of the process equipment For example, 
organic reducing agents such as hydroxyfamines, azodicarbonamides and vitamin C may be added. 
[0031] There is no particular requirement as to the basicity of the anion exchange resin that can bo used although 
It will generafly be preferred to use a strong basic anion exchange resin because of the increased effectiveness of the 

"> anion exchange resin with Increased basicity of the resin. Nevertheless, also an anion exchange resin with a weak 
basicity or a medium strong basicity can be used in this invention. The terme strong, medium strong and weak basic 
anion exchange resin are defined in "Encyclopedia of Polymer Science and Engineering*, John Wiley & Sons, 1985, 
Volume 8, page 347 and "Klrk-Othmer". John Wiley & Sons. 3 rd edition, Volume 13, page 687. Strong basic anion 
exchange resin typically contain quaternary ammonium groups, medium strong resins usually have tertiary amine 
groups and weak basic resins usually have secondary amines as the anion exchange functions. Examples of anion 
exchange resins that are commercially available for use in this invention include AMBERLITB&IRA-4Q2, AMBERJEff® 
4200, AMB£ftllTB& IRA-67 and AMBERLITEfc IRA-92 all available from Rohm & Haas, PUROLITEO) A845 (Purolite 
GmbH) and LEWATITO MP-500 (Bayer AG). 

[0032] Preferably, the anion exchange resin is converted into its OH' form prior to use in the process of this invention. 
£0 This is typically done by treating the resin with an aqueous ammonia or sodium hydroxide solution. The anion exchange 
resin may be pre-treated with an aqueous solution to the stabilizing surfactant used to stabilize the fluoropolymer 
dispersion. Thus, if for example a non-ionic surfactant is used as the stabilizing surfactant, the anion exchange resin 
may be pretreated with an aqueous solution of the non«lonlc surfactant. 

[0039] In accordance with the process of removal of fluorinated surfactant, the stabilized fluoropolymer dispersion 
25 is contacted with an effective amount or anion exchange resin and for a lime sufficient to reduce the level of fluorinated 
surfactant to a desired level. According to the process, the fluoropolymer dispersion Is contacted with the anion ex- 
change resin by agitating the mixture of fluoropolymer dispersion and anion exchange resin. Ways to agitate include 
shaking a vessel containing the mixture, stirring the mixture in a vessel with a stirrer or rotating the vessel around its 
axel. The rotation around the axel may be complete or partial and may include alternating the direction of rotation. 
30 Rotation of the vessel is generally a convenient way to cause the agitation. When rotation is used, baffles may be 
included in the vessel, still further, agitation of the mixture of anion exchange resin and fluoropolymer dispersion may 
be caused by bubbling a gas through the mixture. Generally the gas used will be an inert gas such as nitrogen or air 
A further attractive alternative to cause agitation of the mixture of exchange resin and fluoropolymer dispersion is 
fluidlzing the exchange resin. Fluidization may be caused by flowing the dispersion through the exchange resin In a 
ss vessel whereby the flow of the dispersion causes the exchange res»n to swirl. The conditions of agitation are generally 
selected such that on the one hand, the anion exchange resin is fully contacted with the dispersion, that is the anion 
exchange resin Is completely immersed in the dispersion, and on the other hand the agitation conditions will be suffi- 
ciently mlid so as to avoid damaging the anion exchange reein and/or causing contamination of the fluoropolymer 
dispersion. 

40 [0034] The amount of exchange resin effective to reduce the level of fluorinated surfactant within 4 hours is typically 
at least 1 0% and preferably at least 1 5% by volume based on the total volume of anion exchange resin and fluoropol- 
ymer dispersion. Using an amount of resin of 15% by volume will generally allow reducing the level of fluorinated 
surfactant to below desired levefs which are typically iQQppm or less, preferably 10 ppm or less and most preferably 
5 ppm or less, in a time frame that is economically feasible, particular when practicing the process at Industrial scale. 

*s Typically, the time necessary to reduce the level of fluorinated surfactant to a desired level In the processor this invention 
is between 5 minutes and 4 hours. Commonly, a time of 15 minutes to only 1 hour or 2 hours is needed to achieve a 
desired level of residual fluorinated surfactant. 

[0035] The time required to achieve the desired level of residual fluorinated surfactant is dependent on the loading 
degree of the anion exchange resin and the amount of resin that Is contacted with the aqueous fluoropolymer dispersion. 

70 The contact time will increase with increasing loading degree of the anion exchange resin. Also, shorter contact times 
will be required when the amount of anion exchange resin Is increased. Nevertheless, the amount of anion exchange 
resin should generally not be larger than 50% by volume based on the total volume of exchange resin and aqueous 
fluoropolymer dispersion to minimize the risk of contamination of the fluoropolymer dispersion with abraded exchange 
resin. The required contact time is only to a minor extent dependent on the agitation conditions. 

OS [0038] It is a particular interesting finding of the present invention that the anion exchange resin can be re-used in 
the process without having been regenerated. Thus, It will be possible in the present invention to leverage almost the 
complete capacity of the anion exchange resin, which thus contributee in finding an economically feasible process that 
can be used on an industrial scale. Typically, the present invention allows to use the anion exchange resin upto about 
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90% of its capacity while sail achieving an effective removal of fluohnated emulsifier. 

[0037] The process of the Invention can be practiced m a so-called batch-wise manner or in a continuous manner. 
In a batch-wisQ process, a vessel Is charged with the anion exchange resin and ftuoroporymer dispersion. The mixture 
in the vessel is then agitated for a time sufficient to reduce the residual fluohnated surfactant to the desired level after 

5 which the dispersion and exchange resin are separated, e.g. through filtration. The vessel may then be charged anew 
with fluoropolymer dispersion and exchange resin, which may be fresh resin or resin thai Is being re-used, and the 
process is then repeated. 

[0038] In a continuous process, fluoropolymer dispersion from which fluorlnated surfactant needs to be removed is 
continuously added atone end to an agitating vessel that contains anion exchange resin, and Ruoropor/mer dispersion 

io having a reduced amount of fluorlnated surfactant Is withdrawn at another end of the vessel In a continuous fashion. 
In a continuous process, the equipment will be designed such that the residence time of the dispersion in the vessel 
le sufficient to reduce the amount of fluorlnated surfactant to the desired level. In a particular embodiment of a contin- 
uous process, a plurality, e.g. 2 or more, agitating vessels each charged with anion exchange resin may be used. 
Accordingly, fluoropolymer dispersion may be continuously added and withdrawn from the first vessel. The ftuoropol- 

is ymer dispersion from the first vessel may be fed continuously In the next vessel from which It Is continuously withdrawn 
and this process can be repeated if more than 2 vessels are used. If a plurality of vessels Is used, they are typically 
arranged in a cascading arrangement. 

[0039) The process of the present Invention Is an economically feasible process even for practicing at an industrial 
scale as can be Illustrated with the tact that a 1 m 3 vessel can handle 500Om a of fluoropolymer dispersion, typically 

20 resulting from an aqueous emulsion polymerization, per year when filled to a filling degree of 75%, using a volume 
ratio of anion exchange resin to aqueous fluoropolymer dispersion of 40:60 and loading the anion exchange resin up 
to 80% of its capacity. Under these conditions, more than 95% of the fluorinated surfactant is removed from the fluor- 
opolymer dispersion. This can be contrasted with the process as disclosed in example 8 of WO 00/35971 where the 
use of a 1 m 3 vessel would only be able to handle about 400m 3 of dispersion on an annual basis. 

2S [0040] The process ol the present invention additionally provides the advantage that a changeover from one type Of 
fluoropolymer dispersion to another can be done quickly without risk of cross contamination. For example, the anlon- 
exchange resin in use can be discharged easily and quickly from the vessel and replaced with fresh anion -exchange 
resin or the anion-exchange resin in use can be washed quickly and effectively In the vessel prior to charging another 
fluoropolymer dispersion. 

6 [0041] Anion exchange resin charged with fluorlnated surfactant can be regenerated by eluting the anion exchange 
resin according to the processes disclosed In for example US 4,282,162, WO 01/32563 and EP 1 069 078 and the 
fluorinated surfactant may then bo recovered from the eluate. The recovered fluorlnated surfactant may thereafter be 
re-used for example In an aqueous emulsion polymerization of one or more fluorinated monomers to produce a fluor- 
opolymer. The method of regenerating the anion exchange resin disclosed In US 4,282,162 Involves eluting the resin 

& with a mixture of a mineral acid and an organic solvent in which water can be dissolved such as for example methanol. 
The method of regenerating the anion exchange resin as disclosed in WO 01/32563 involves eluting a weak basic or 
medium strong basic anion exchange resin with a mixture of ammonia and a water miscibte organic solvent that has 
a boiling point of less than 150°C. In the method disclosed in EP 1 069 078, the anion exchange resin is eluted with 
a mixture of water, an ammonium fluoride, ammonium chloride, alkali fluoride or alkali chloride and an organic solvent 

ao in which water end the hallde can be dissolved, To recover the fluorinated surfactant from the eluate, the process 
disclosed in US 5,442,097 can be used, 

[0042] The invention is further illustrated with reference to the following examples, without however the intention to 
limit the Invention thereto. 

43 Example 1 

[0043] Mild agitation conditions were realized by rolling 11 glass bottles on a rolling machine at a revolution speed 
of 40 rpm (rotations per minute). Under such conditions the ion exchange resin was found to be totally Immersed In 
the aqueous fluoropolymer dispersion. The filling degree of the bottles was 75 %. The used anion exchange resin was 

so AmberllteQ IRA 402 supplied by Rohm and Haas, USA. The anion exchange resin was used in the OH'state. An 
aqueous dispersion of PTFE with a solid content of 22 % by weight and a content of 750ppm of ammonium per- 
fluorooctanoic acid (APFOA) as fluorinated surfactant was used. The fluoroporymsr particle size was 21 o nm. The pH- 
value of the dispersion was set to 9 by adding ammonia thereto. To the dispersion was added the non-ionic emulsifier 
Triton™ X 100 supplied by Dow Chemical, USA in Bn amount of 3.5% by weight based on the total weight of solids. 

55 [0044] in this example, the amount of anion exchange resin to dispersion was varied from 15-50 vol% based on 
total volumo of resin and dispersion. After different contact time intervals samples were taken and the actual APFO- 
content measured. The results are listed In table 1 . 
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Table 1 



5 



19 



Vol.-% of exchange resin 


15 


25 


35 


40 


50 


Contact time [h] 


APFO-content in pprn 


0.25 


60 


60 


15 


7 


«5 


0.5 


26 


16 


7 


<S 


<S 


1 


16 


6 


<5 


<5 


<5 


2 


16 


<S 


<5 


<5 


<5 


4 


11 


<5 


<5 


<5 


<5 



Example 2 j 

13 

[0045] Experiments were carried out according to Example 1 but using 3.5 % of Genepo© X oso, an aikyipoiyethoxy- 
aiconoi supplied by Clarlant, Instead of Triton© X 100. Results are listed in tabic 2. No discernible change of perform- 
ance was observed. 



A> Table 2 



Vol.-% of exchange resin 


15 


40 


Contact Ume [h] 


APFO-content in pprn 


0.25 


75 


B 


0.5 


25 


<5 


1 


17 


<5 


2 


17 


<5 


4 


10 


<5 



Example 3 



[0046] Experiments wera carried out according to Example 1 . Volume ratio of exchange realn to dispersion was 30*. 
70. The revolution rate was varied from 20 to 60 rpm. Results are listed in table 3. At the lowest revolution rate of 20rpm 
the ion exchange resin was not completely immersed in the dispersion. Doubling the revolution rate from 40 to 60 had 
no discernible influence on the removal rate. 



Table 3 



Rolling Speed Rpm 


20 


40 


80 


Contact time [h] 


APFO-content In pprn 


0.25 


200 


50 


55 


0.5 


60 


12 


11 


1 


22 


6 


7 


2 


12 


<5 


<5 


4 


9 


<5 





Example 4 



[0047] -Experiments were carried out according to Example 1 but using a dispersion of a copolymer of letrafluoroeth- 
ylene and hexafluoropropene Instead of the PTFE dispersion. The dispersion had a solid content of 28% and contained 
1500 pprn APFO. Particle size was 150 nm. The pH was adjusted with sodium hydroxide. Rolling speed was 30 rpm. 
Results ere listed in table 4. 
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Table 4 



10 



Vol.-% of exchange resin 


25 


40 


Contact time [h] 


APFO-content in ppm 


0.25 


140 


18 




35 


7 


1 


15 


<6 


2 


<5 


<S 


4 


<6 


<6 



25 



SO 



Example 5 

Abrasion Investigation 

[0046] The dispersion of example 1 was rolled for 14 days at different revolution speeds. Volume ratio of anion 
exchange resin to dispersion was 40:60. The loading degree was varied. After 14 days the resin was filtered off via a 
100 frim sieve. Tho dispersion was allowed to rest for 2 week and was visually inspected for floating or settled exchange 
resin, amberltte © IRA 402 is a deep brown iah colored anion exchange resin. Traces of resins can thus be readily 
recognized when present. Results are listed In table 5, In no case was there abraded ion exchange resin detected. 

Table 5 



Rolling speed Rpm 


40 


40 


40 


60 


80 


ao 


loading*) degree of re3in % 


10 


50 


95 


10 


50 


95 


observed ab rased resin 


none 


none 


none 


none 


none 


none 



*) feveflpg degrrt nchlevod by Adding to Iho dhper*ion the corresponding amount or APFO 



40 



43 



Comparative Example 

[0049] 20 cbm of PTFE dispersion as used in Example 1 was passed through a 501 ion exchange column. Flow rate 
was 50 l/h. After each cbm the APFO content was measured. Excerpts of the experimental data are listed in table 6. 
Ad can be seen from these data the APFO level was less than 5 ppm for the 1** 5 cbm corresponding to 100 bed 
volumes. With the next 1 0 cbm the APFO content steadily Increased to 30 pm which is associated with the onset of 
channel formation. With the next 3 cbm the APFO content reached 60 ppm. After passing through further 2 cbm the 
APFO level exceeded 400 ppm. Only hBlf of APFO was removed. 'The column broke through". The channels arrived 
at the top of the ion exchange bed. 

[0050] Reversing the flow direction for 2 hours closed the channels. Another 8 cbm dispersion could be treated 
resulting in an APFO level of lees than 10 ppm. Flow rate was 25 l/h. 

Tables 



Volume [cbm] passed through column 


1 


5 


10 


15 


1B 


20 


APFO-content In the treated dispersion [ppm] 


<5 




18 


30 


55 


450 


loading degree") of resin [%] 


3,5 


16 


33 


57 


60 


65 



*) Ion exchange capacity of AMBER LITE © IRA 402: 1.2 mol/1 reBln 



[0051] All these treated dispersions were upconcentrated via ultrafiltration. The content of TRITON© X 100 was 
thereby adjusted to 5 % by weight based on solid3. All dispersions were free of coagulum, However, the last lot origi- 
nating from the last 3 cbm passed through the column showed contamination with abraded Ion exchange resin. After 
2 weeks a thin layer of brownish liquid was observed floating on top of the dispersion. 
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Claims 

1. Process ol reducing the amount of fluorinated emulsifier in an aqueous fluoropolymer dispersion, by contacting 
the aqueous fluoropolymer dispersion with an anion exchange resin In a non-fixed res In bed. the process com- 
* prising: 

(a) mixing the aqueous fluoropolymer dispersion with an effective amount of a surfactant so as to stabilize the 
fluoropolymer dispersion while being contacted wllh the anion exchange resin; 

(b) contacting the aqueous fluoropolymer dispersion with an anion exchange resin by agitating the aqueous 
to fluoropolymer dispersion with an effective amount of anion exchange resin for a time of loss than 4 hours to 

reduce the amount of fluorinated emulslfler In the aqueous fluoropolymer dispersion to a desired level; 

(c) separating the anion exchange resin from the aqueous fluoropolymer dispersion, 



15 



2. Process according to claim 1 wherein said time Is between 5 minutes and 2 hours. 

3. Process according to claim 1 wherein said surfactant to stabilize the fluoropolymer dispersion is a non*ionlc sur- 
factant . 



4. Process according to claim 1 wherein Che effective amount of anion exchange resin corresponds to a volume ratio 
£0 of anion exchange resin to fluoropolymer dispersion of at least 1 5:85. 

5. Process according to claim 1 wherein said surfactant to stabilize the fluoropolymer dispersion te used In an amount 
of 1 to 5% by weight relative to the total amount of solids in said aqueous fluoropolymer dispersion. 

25 6. Process according to claim 1 wh erein said fluoropolymer comprises a Fluoropolymer selected from the group con- 
sisting of polytetrafluoroethylene, modified polytetrafluoroethylcne and thermoplastic melt processes fluoropoly- 
mers. 

7. Process according to claim 1 wherein said fluorinated emulsifier is a perfluoroatkanoic acid or salt thereof, 

30 

6. Continuous or batch-wise process of reducing the amount of fluorinated emuisiPer In an aqueous fluoropolymer 
dispersion by contacting the aqueous fluoropolymer dispersion with an anion exchange resin In a non-Fixed resin 
bed, the process comprising: 

33 (a) mixing the aqueous Fluoropolymer dispersion with an effective amount of a surfactant so as to stabilize tne 

fluoropolymer dispersion while being contacted with the anion exchange resin; 

(b) contacting the aqueous fluoropolymer dispersion with the anion exchange resin by agitadng the aqueous 
fluoropolymer dispersion with an effective amount of anion exchange resin and for a time sufficient to reduce 
the amount of fluorinated emuisif ier In the aqueous dispersion to a desired level; 
40 ( C ) separating the anion exchange resin from the fluoropolymer dispersion; 

(d) and re-using In step (b) at least once the anion exchange resin separated in step (c) without having been 
regenerated. 

9. Process according to claim a wherein said anion exchange reein in said step (b) Is used in a volume ratio with 
respect to said aqueous fluoropolymer dispersion of at least 15:85. 



10. Process according to dalm 9 wherein the volume ratio is between 15:05 ana 50:50 

11 . Process according to claim 8 wherein 3aid anion exchange resin Is re-used to an extant of between 10% and 90% 
of the anion exchange resins capacity. 

12. Process according to claim 8 wherein said surfactant to stabilize the aqueous fluoropolymer dispersion is a non- 
ionic surfactant. 



S3 
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